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TIMES  WIRE  AND  CABLE 

DIVISION  OF 

<7/i&  international  Silver  Company 


MANUFACTURERS  OF  ENGINEERED  WIRE  AND  CABLE  PRODUCTS 


WALLINGFORD.  CONNECTICUT 


May  7,  1963 


To:  Chief,  Bureau  of  Ships 
Main  Navy  Building 
Washington,  D.C. 

Via:  Inspector  of  Naval  Material,  Bridgeport,  Connecticut 

Subject:  Letter  of  transmittal,  2nd  Progress  Report,  Contract  No 
N0bsr-8767$,  Project  Serial  No.  SF0060306,  Task  2266 

This  report  is  submitted  in  accordance  to  BurShipa  Contract  NObar-87673. 

The  watertightness  techniques  developed  in  Contract  NObsr-37678  and 
improved  in  this  contract  have  been  successfully  used  in  the  manufacture 
of  modified  watertight  versions  of  RG-57/U  and  RG-14/U  for  the  Under¬ 
water  Sound  Laboratory  and  a  special  watertight  95  ohm  cable  for  a  Navy 
Project  at  the  University  of  Denver.  All  cables  were  watertight  at 
1000  psi.  We  presently  feel  we  will  shortly  be  able  to  offer  you  a 
cable  construction  that  will  be  watertight  at  pressures  greater  than 
2500  psi. 

If  any  Information  is  desired  before  the  next  reporting  date,  please 
let  me  know. 

Sincerely, 

TIMES  WIRE  &  CABLE  DIVISION 

David  A.  Peterson 
Staff  Engineer 
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ABSTRACT 


The  results  of  attenuation,  VSWR,  watertightness,  stability, 
pliability  and  other  tests  on  33  various  sample  constructions 
show  RG-214/U,  RG-217/U  and  RG-21B/U  can  be  redesigned  to  be  water¬ 
tight  at  1000  psi  and  have  less  attenuation,  better  attenuation 
stability,  be  more  pliable,  and  have  better  abrasion  resistance 
than  the  standard  designed  cable.  The  new  designs  would  still  be 
compatible  with  the  connectors  presently  used  on  the  standard 
cables.  The  size  of  the  cable  can  also  be  decreased,  if  desired, 
but  then  the  connector  would  require  redesign.  The  results 
presented  show  the  technique  used  to  manufacture  the  braid  watertight 
is  good  for  pressures  greater  than  2500  psi.  The  attenuation  on  all 
RG  coaxial  cable  can  be  decreased  by  an  improved  braid  design.  RG-214/U, 
which  is  considered  one  of  the  better  designed  RG  cable,  has  better  than 
20%  less  attenuation  from  10  MC  to  10  GC  with  the  improved  braid  design. 
The  pliability  of  a  cable  depends  almost  completely  upon  its  jacket 
stiffness.  Pliability  results  are  presented  that  show  polyurethane 
jacketed  cables  are  vastly  more  pliable  at  BO<>F,  0°F  and  -40°F  than 
polyvinylchloride  or  polyethylene  jacketed  cables.  The  program 
for  the  next  interval  is  presented. 
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PART  I 


1.1  PURPOSE 

1.1.1  Contract  -  The  purpose  of  the  contract  is  to  design  and 
manufacture  improved  versions  of  RG-214/U,  RG-217/U  and  RG-218/U 
which  are  physically  smaller,  more  flexible,  are  watertight  along 
their  axis  at  1000  psi  and,  if  possible,  with  decreased  attenuation. 
The  development  shall  be  carried  out  in  three  phases,  concluding  in 
the  manufacture  and  shipment  of  5000  feet  of  each  of  the  improved 
cables. 


1.1.2  Phase  I  -  The  purpose  of  Phase  I  is  to  manufacture  and  test 
lengths  of  RG-214/U,  RG-217/U  and  RG-218/U  and  various  sample  con¬ 
structions  of  these  cables  manufactured  with  new  techniques  and 
materials.  The  test  results  shall  be  used  to  evaluate  the  effect 
of  the  new  techniques  and  materials  upon  attenuation,  impedance, 
abrasion  resistance,  flammability  and  pliability. 

1.1.3  Phase  II  -  The  purpose  of  Phase  II  is  to  manufacture  and  test 
cables  designed  from  the  information  obtained  from  Phase  I  and  to 
apply  the  techniques  for  production  of  watertight  coaxial  cables 
developed  under  Contract  NObsr-81424  to  these  cable  designs.  The 
purpose  is  also  to  develop  new  watertightness  techniques  if  necessary. 

1.1.4  Phase  III  -  The  purpose  of  Phase  III  is  to  evaluate  all  the 
data  obtained  from  Phase  I  and  II  and  design  improved  watertight 
versions  of  RG-214/U,  RG-217/U  and  RG-218/U.  This  phase  will  also 
include  the  manufacture  and  shipment  of  50C3  feet  of  each  of  the 
improved  watertight  cables  to  an  agency  to  be  designated  by  the  Chief, 
Bureau  of  Ships. 

1.1.5  Report  -  The  purpose  of  this  report  is  to  present  the 
information  gathered  and  the  progress  made  during  the  reporting 
period  of  October  1,  1962  to  December  31,  1962. 
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1.2  GENERAL  FACTUAL  DATA 

1.2.1  Identification  of  technicians  -  The  following  list  presents 
the  engineering  personnel  contributing  to  the  contract  and  their  man¬ 
hours  performed  during  this  reporting  period. 

David  A.  Peterson  Engineer  336.5  hours 

Norbert  Ostrowski  Engineering  Aide  177.5  hours 

John  Palmero  Technician  166.9  hours 

Larry  Racow  Technician  333.5  hours 

1.2.2  Test  procedures  -  The  following  paragraph  describes  the  only 
change  made  to  the  test  procedures  discussed  in  paragraph  1.2.2  of  the 
first  interim  progress  report. 

1.2. 2.1  Pliability  -  The  pliability  test  (paragraph  1.2.2.11  of  the 
first  interim  progress  report)  was  devised  to  give  comparable  values 
to  the  pliability  of  the  cable  samples  at  20°C,  0°C,  -20°C  and  -40°C. 
The  equipment  and  test  specimen  was  arranged  as  illustrated  in  figure 
1.1.  The  weight  used  to  bend  the  sample  was  recorded  and  the  time 
for  the  sample  to  bend  ninety  degrees  (to  a  vertical  position)  was 
measured  and  recorded. 


k - /2" - > 


figure  1.1  -  Pliability  test  equipment  and 
specimen  layout. 

1.3  DETAIL  FACTUAL  DATA 

1.3.1  Sample  description  -  Table  1.1  pages  4-3,  presents  des¬ 
criptions  oTtheMimpIe^onstructions.  The  description  of  the  samples 
of  Phase  I  are  repeated  to  aid  in  the  discussion  of  the  test  results. 
Three  new  samples  studied  in  Phase  I  are  also  described. 
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Table  1.1 


Description  of  sample  constructions 


J 

- 

[j 

Description 

Construction 

Inner 

Conductor 

Dielectric 

Outer 

Conductor 

Jacket 

f 

a 

DO  2l4/u 

7  strands  of 
0.0296" 
silver 
plated 
copper 

polyethylene 
diet  0.285" 

Tvo  braids 
of  34  ga. 
silver 
plated 
copper 

Non-contam¬ 
inating 
polyvinyl¬ 
chloride 
dlst  0.425" 

2 

o\ 

? 

a 

RQ  217/U 

Bare  copper 
dlat  0.106" 

polyethylene 
dlat  0.370" 

Braid  of 

33  ga*  bare 
copper 

Non -contam¬ 
inating  poly¬ 
vinylchloride 
dlat  0.545" 

3 

E 

B 

Bare  copper 
dlat  0.195" 

polyethylene 
dlat  0.680" 

Braid  of  30 
gauge  bare 
copper 

Non-contaa- 
lnatlng  poly¬ 
vinylchloride 

dlat  .870" 

VO 

? 

a 

Watertight 
construction  of 
RG-2l4/u 

Same  as  sanpl 

e  #1 

Tvo  braids 
of  34  ga. 
silver 
plated 
copper  with 

DC  274 

Polyethylene 
diet  0.425" 

i 

jjv 

? 

s 

Watertight 
construction  of 
RG-217/U 

Silver 
plated 
copper 
diet  0.106" 

Same  as 
saaple  #2 

Braid  of  36ga 
silver 

plated  copper 
with  DC  274 

Polyethylene 
dlat  0.545" 

6 

- - 

r 

a 

Watertight 
construction  of 
RO-218/d 

Same  as  sampl 

e#3 

Braid  of 

30  ga.  bare 
copper  with 

DC  274 

Polyethylene 
dlat  O.87O" 

f 

a 

Sliver  plated  36  gs 
shield  over 
RG-217/u  core  with 
polyethylene 

Jacket 

1. 

Same  as  sampl 

a  #2 

Braid  of 

36  ga. 
silver 
plated 
copper 

Same  as 
sample  #5 

8 

34S6-IH; 

_ i 

Bare  copper  36ga 
shield  over 
RG-217AJ  core  with 
thin  polyethylene 
Jacket 

Same  as  saopli 

*#2 

Braid  of 

36  ga.  bare 
copper 

Polyethylene 
dlat  0.450" 
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Table  1.1  ( coot  • ) 


Description  of  sample  construction 


s 

1 

Description 

Construction 

Inner 

Conductor 

Dielectric 

' 

Outer 

Conductor 

Jacket 

9 

f 

s 

50-217 M  Size 
with  stranded  (7) 
center  conductor 

7  strands  of 
O.036  bare 
copper 

Same  t 

is  sample  #7 

10 

3 

R 

i 

a 

RO-217/b  Size 
with  stranded  (19) 
center  conductor 

19  strands  of 
0.0231  bare 
copper 

Same  1 

is  sample  #7 

11 

f 

a 

RG-217/to  Size 
with  loose  braided 
center  conductor 

Braid  of  36  ga. 
silvered 
copper  (10.8 
picks)  over 
0.090"  poly¬ 
ethylene  bead 

Same  1 

is  sample  #7 

12 

a 

RG-217/fr  Size 
with  tight  braided 
center  conductor 

Braid  of  36  ga. 
silvered 
copper  (30.3 
picks)  over 
0.090*  poly¬ 
ethylene  bead 

Same  1 

is  sample  #7 

13 

1 

a 

Cellular  poly¬ 
ethylene  dielectric 
over  R0-217/G  Size 
Conductor 

Same  as 
sample  #2 

Cellular 
polyethylene 
diat  0.300" 

Braid  of 

36  ga. 

silvered 

copper 

Polyethylene 
diat  0.475" 

14 

a 

Cellular  poly¬ 
ethylene  dielectric 
to  RG-217AJ  size 
but  with  larger  cen¬ 
ter  conductor 

Bare  copper 
diet  0,'128" 

Cellular 
polyethylene 
dia:  0.370" 

Same  as 

temple  #7 

15 

I 

Elastomeric 
polyethylene 
dielectric  and 

Jacket 

Same  as 
sample  #7 

Elastomeric 
polyethylene 
dial  0,370" 

Same  as 
sample  #7 

Elastomeric 
polyethylene 
diat  0.545" 

16 

|  HI -9550 

Modified  high  mo¬ 
lecular  weight 
polyethylene 
dielectric  and 

Jacket 

Monied-high 
$°&u 
weight  polys 
ethylene 
dial  0.370" 

'  Sq£Ta T) 
-sample^ 

Modified  high 
molecular 
weight  poly¬ 
ethylene 
diet  0.370" 
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Vi 

<D 

1 

fm 

<v 

H 

to 

■5  « 

1 1 
a  +» 

3  to 

H 

Description 

Construction 

Inner 

Conductor 

Dielectric 

Outer 

Conductor 

Jacket 

17 

RG-217/fa  core 
with  flat  copper 
braid  and  poly¬ 
ethylene  jacket 

Same  as  sai 

qple  #7 

Braid  of 

flat 

copper 

Polyethylene 
dia:  0.500" 

18 

CVJ 

e 

i 

s 

RG -217/tT  size 
with  polyurethane 
Jacket 

Same  as  sai 

Polyurethane 
dia:  0.545" 

XT  I  mmmmmm 

19 

cn 

LA 

R 

1 

a 

RG-217/U  size 
with  high  molecu¬ 
lar  weight  poly¬ 
ethylene  jacket 

C  A  A 

Same  as  sa 

'CEL 

IED 

Modified  high 
molecular 
weight  poly¬ 
ethylene 
dia:  0.545" 

If  1  — — 

20 

-4- 

LA 

s 

1 

a 

RG-217/0  size 
with  elastomeric 
polyethylene 

Jacket 

Same  as  sa 

Elastomeric 
polyethylene 
dia:  0.545" 

apxe  if  (  ----- 

21 

LA 

LA 

R 

i 

— « 

RG-214/u  size 
with  single  braid 
of  36  ga.  silver 
plated  copper 

Same  as  sa 

nple  #1 

Braid  of  36gi 

silvered 

copper 

,  Polyethylene 
dia:  0.405" 

22 

RG-218/U  size 
with  braid  of 

36  ga.  silver 
plated  copper 

Same  as  sa 

nple  #3 

Braid  of 

36  ga. 

silvered 

copper 

Polyethylene 
dia:  0.850" 

23 

CO 

LA 

¥ 

a 

Tinned  copper  36ga 
shield  over 

RG -217/G  core  with 
polyethylene 

Jacket 

Silver  plated 

36  ga.  shield  over 
RG-217/0  core  with 
Type  I  Jacket 

1 

Same  as  sac 

Same  au  cob 

»plo  #7  • 

'*»**-•■  t  •  '  Tt'.l'i 

iple  #7  - 

Braid  of 

36  ga. 
tinned 
copper 

Same  as 
sample  #7 

24 

0\ 

LA 

R 

i 

a 

3 

1 

t 

Pype  I 
?olyvinyl- 
shloride 
lie:  0.545" 
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Table  l.l(coat.)  Description  of  sample  construction 


Sample  Number 

Manufacturing 

Instruction 

Construction 

Description 

i 

Inner 

C onductor 

Dielectric 

Outer 

Conductor 

Jacket 

‘ 

25 

s 

JR 

1 

2 

Silver  plated 

3 6  ga.  shield  over 
R0-217A*  core  with 
Type  Ila  jacket 

Same  as  s 

ample  #7  — 

Type  XIa 
polyvinyl¬ 
chloride 
dia:  0.545" 

2 6 

VO 

JR 

a 

a 

Bare  copper  36  ga. 
shield  over  RG-217/fa 
core  with  Type  I 
jacket 

Same  as  a 

ample  #7 

Same  as 
sample  #8 

Same  as 
sample  #24 

27 

$ 

JR 

a 

a 

. .  . . . — — - 

Bare  copper  36  ga. 
shield  over  RG-217/U 
core  with  Type  Ila 
jacket 

Same  as  a 

ample  #7 

Same  as 
sample  #8 

Same  as 
sample  #25 

28 

VO 

¥ 

s 

Tinned  copper  36  ga. 
shield  over  RG-217/U 
core  with  Type  I 
jacket 

Same  as  m 

ample  #7 

_ 

Same  r.s 
sample  #23 

Same  as 
sample  #24 

29 

3 

JR 

■ 

a 

Tinned  copper  36  ga. 
shield  over  KJ-217/U 
core  with  Type  Ila 
jacket 

Same  as  s< 

ample  #7 

Same  as 
sample  #23 

Same  ax 
sample  ^25 

30 

£ 

¥ 

a 

RG-2lV/fo  size  with 
silver  plated  flat 
braid 

Same  as  a 

ample  #1 

Braid  of 
flat  silver 
plated 
copper 

Same  as 
sample  #1 

31 

a 

RG-217/u  size  with 
35*3°  braid  angle 

Same  as  Bt 

Same  as  sc 

_ 

«HPl«  #7 

imple  #7 

Braid  of 
36gs  silver 
plated  with 
10  ends  and 
7.14  picks 

Same  as 
sample  #7 

32 

* 

a 

RG -217/C  size  with 
19.7°  braid  angle 

Braid  of 

36  ga  silver 
plated  with 
10  ends  and 
3.6  picks 

Same  as 
sample  #7 
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Table  1.1  (Cont.)  Description  of  sample  constructions 


$5 

SfcO 

HE 

SS 

BS 

<0 

w 

Manufact¬ 
uring  In¬ 
struction 

Description 

33 

ev 

ON 

V\ 

ON 

1 

H 

s 

IrG-217/U  size 
with  18°  braid 
angle  and  high 
coverage 

Construction 

Inner  Dielectric 
Conductor 


Same  as  sample  #  7 


Outer 

Conductor 

Jacket 

Braid  of 

Same  as 

36  ga. 

sample 

silver 

#  7 

plate  with 

18  ends 

and  3.28 

picks 

1.3.2  Sample  discussion  -  Samples  16  and  19  were  canceled  because  the 
modified  high  molecular  weight  polyethylene  is  no  longer  available. 
Through  an  identification  error  the  first  interim  progress  report 
incorrectly  reported  sample  9  was  manufactured  and  ready  for  test.  The 
sample  has  now  been  manufactured  and  will  be  tested  with  other  phase  II 
cables.  The  first  run  of  sample  1 4  was  rejected  because  its  dielectric 
was  extruded  to  the  same  dimension  as  sample  13.  The  Impedance  resulting 
from  this  error  negated  the  intent  of  the  sample.  The  sample  is  being 
rerun  and  will  be  available  for  test  during  the  next  reporting  period. 
Sample  31*  32  and  33  were  manufactured  to  examine  the  effect  of  the  braid 
angle  on  the  attenuation  braid  factor.  The  attenuation  of  these  three 
samples  were  measured  but  no  other  tests  will  be  performed.  The  cables 
with  polyethylene  jackets  were  not  subjected  to  the  abrasion  resistance 
test  since  the  polyethylene  waxes  the  abrasive  rod  and  makes  the  test 
meaningless. 

1.3.3  Attenuation  test  results  -  The  results  of  attenuation  measurements 
on  the  samples  are  presented  in  table  1.2  on  page  9  and  in  graphs  1.1  to 
1.29.  The  graphs  compare  the  measured  results  at  10,  50,  100,  250  and  500 
megacycles  and  1.7,  3.0,  5.0,  8.0  and  10.0  gigacycles  to  a  curve  drawn 
from  calculated  results  at  10,  100,  1000  and  10,000  megacycles.  The 
calculated  results  were  obtained  with  the  following  expressions: 

at  *=  ac  +  a.  (db/100  ft) 

at  =  total  attenuation  (db/100  ft)  „\ 

ac  *  conductor  losses  =(4.33)  (lOjHgl'j+jH  (db/100  ft) 

a^  a  dielectric  losses*  (8.85)  (10)"77r  fd,  Ye~  (db/100  ft) 

F. .  e  braid  factor  s  8D  +  I6d« 

w  "TNd, 

f  =  frequency  (cycles/second) 

Z  s  characteristic  impedance  of  cables  (ohms) 
d  *  diameter  of  center  conductor  (inches) 

D  s  diameter  of  dielectric  (inches) 

d-  =  dissipation  factor  of  dielectric 

€  £  dielectric  constant  of  dielectric 

d,  =  diameter  of  braid  strand  (inches) 

C  s  number  of  carriers  in  braid 

N  2  number  of  ends  in  braid 


Text  continued  on  Page  39 
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Table  1.2  -  Attenuation  Teat  Results  (db/lOO  ft) 


Sample 

Ho. 

Frequency  In  Mega eye] 

Lee 

10 

'  50 

100 

250 

500 

1700 

3000 

5000 

8000 

10,000 

1 

1.46 

2.18 

3.46 

4.84 

10.82 

14.70 

24.22 

36.33 

50.75 

2 

6.2? 

0.79 

1.38 

2.20 

3.05 

7.24 

11.75 

24.00 

65.77 

92.40 

3 

0.17 

0.40 

0.71 

1.54 

1.00 

5.23 

9.55 

18.90 

47.60 

64.70 

4 

0.68 

1.52 

2.24 

3.72 

5.40 

14.30 

23.60 

35-40 

57.00 

71.30 

5 

0.60 

0.92 

1.60 

2.60 

3.72 

10.10 

13.60 

23.50 

62.20 

81.20 

6 

0.59 

0.79 

0.98 

1.57 

2.36 

6.43 

9.92 

18.90 

45.40 

64.70 

7 

l.o4 

1.56 

2.36 

3.52 

8.20 

11.30 

16.20 

23.90 

28.60 

8 

— 

1.10 

1.60 

2.60 

3.64 

9.68 

12.00 

20.70 

57.70 

111.5 

9 

10 

0.59 

1.33 

1.95 

3.55 

5.03 

10.00 

14.95 

21.50 

38.20 

72.40 

11 

1.55 

2.39 

3.78 

5.22 

12.40 

18.30 

24.30 

39.20 

42.60 

12 

1.60 

4.20 

6.00 

4.80 

12.10 

18.50 

24.20 

36.10 

41.20 

13 

9.36 

1.24 

1.72 

3.00 

4.00 

8.00 

12.00 

14.50 

22.20 

27.OO 

14 

ee.ee 

ea.ee 

... 

... 

... 

... 

— 

mmm 

— 

15 

4.50 

9.00 

20.00 

47.50 

75-00 

176.4 

250.0 

340.0 

461.6 

600.0 

16 

mmm 

... 

... 

... 

... 

... 

eeeeee 

... 

17 

0.48 

0.80 

1.28 

2.16 

2.96 

8.0 

10.2 

13.4 

25.7 

30.2 

18 

0.44 

1.13 

1.52 

2.57 

3.66 

8.56 

10.10 

16.00 

25.40 

38.20 

19 

... 

... 

... 

... 

... 

•  eevee 

— 

20 

0.40 

1.00 

1.56 

2.52 

3.56 

9.16 

12.30 

17.70 

33.60 

65.20 

21 

o.64 

1.24 

2.12 

3.40 

4.64 

10.70 

13.60 

18.50 

27.60 

31.0 

22 

0.28 

o.4o 

0.88 

1.52 

2.08 

5.36 

9.32 

13.4 

16.30 

22.6 

23 

1.10 

1.60 

2.54 

3.60 

8.95 

12.00 

18.50 

39.50 

85.00 

2k 

0.45 

1.17 

1.62 

2.43 

3.60 

8.10 

15.15 

15.60 

27.00 

44.50 

25 

0.56 

1.00 

1.56 

2.64 

3.68 

8.74 

12.30 

l4.4o 

25.00 

45.3 

26 

0.52 

1.08 

1.68 

2.72 

3.76 

9.15 

12.90 

17.50 

46.60 

120.2 

27 

0.52 

1.08 

1.72 

2.80 

3.84 

8.64 

12.00 

18.80 

45.70 

119.0 

28 

0.52 

1.00 

1.60 

2.60 

3.80 

8.96 

13.20 

16.10 

36.40 

9^.5 

29 

0.52 

1.00 

1.60 

2.56 

3.72 

8.96 

13.60 

15.10 

40.00 

76.00 

30 

___ 

1.20 

1.72 

2.78 

3.8 

8.34 

11.54 

17.38 

21.40 

24.76 

31 

.422 

.986 

1.37 

2.32 

3.35 

7.39 

10.25 

14.6 

25.7 

32.6 

32 

.404 

.942 

1.35 

2.24 

3.14 

7.15 

9.84 

11.4 

19.3 

22.2 

33 

.396 

.885 

1.33 

2.21 

3.10 

7.44 

9.59 

14,08 

23.2 

27.3 
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Graph  1.1  -  Computed  and  measured  attenuation  of  sample  1 
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-  Computed  and  measured  attenuation  of  sample  2 
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Graph  1.4  -  Computed  and  measured  attenuation  of  sample  4 
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Graph  1.5  -  Computed  and  measured  attenuation  of  sample  5 
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Graph  1.6  -  Computed  and  measured  attenuation  of  sample  6 
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Graph  1*8  -  Computed  and  measured  attenuation  of  sample* 8 
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Graph  1,9  -  Computed  and  measured  attenuation  of  sample  10 
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Graph  1«10  -  Computed  and  measured  attenuation  of  sample  11 
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Graph  1.11  -  Computed  and  measured  attenuation  of  sample  12 
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Graph  1.13  -  Computed  and  measured  attenuation  of  sample  15 
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Graph  1.14  -  Computed  and  measured  attenuation  of  sample  17 
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Graph  1.15  -  Computed  and  measured  attenuation  of  sample  18 
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Graph  1.16  -  Computed  and  measured  attenuation  of  sample  20 
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Graph  1.18  -  Computed  and  measured  attenuation  of  sample  22 
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Graph  1.19  -  Computed  and  measured  attenuation  of  sample  23 
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Graph  1.20  -  Computed  and  measured  attenuation  of  sample  24 
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Graph  1.21  -  Computed  and  measured  attenuation  of  sample  25 
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Graph  1.22  «  Computed  and  measured  attenuation  of  sample  26 
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Graph  1.23  -  Computed  and  measured  attenuation  of  sample  27 
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Graph  1.24  -  Computed  and  measured  attenuation  of  sample  28 


KEY 


Page  33 


Ko£  logarithmic  jsb-izo  Attenuation  in  db/100  ft 

KEUFFEt  k  USEK  CO-TaH  II  S.I.*.  »VWW**U»W*WM  '  * 


^  Computed  and  measured  attenuation  of  sample  29 


—  computed 
x  measured 


^M^^UUU!Jli!Si:sissaSBaiSSSBSSSS8:sssS8SIS9!,SS6ZS>ss:8Ss:s2BSS8BCB>BaBSa3HIIIIII!ll»IIMIIHXtllU»CaBIIEKl 
s78RR!!!R!!!?RRR»sssiinss5SSs:asssaBsssBK:3Ba83SEiii&83S83CHXi:HisssissiiasasBisifiii!ii8iuiisBBiimiiiiinBBBSUiz| 
SHSKSiiiiiKilSIllMlllliilfllllllliailllllll^^ 


■iimnii 


i  in 


iSBSSSSSSESl 

!■■■■■■>  is 
■  ■■&■■■■  ■■ 
!■■■■■■■  aiHHi 

|  I  III 

■fas::: i\ : 


iiiilfl 


ilii  llil 

s 


I!Si  Wt 

■  ■a  ilii 
III  |MM 


^WBHSSHSBSHHH  SI 
Hill  iii  SSiiSSilSSSSSSIH  ii 
iiiis  i!l  liiSili  SgggiBl  a 


ipiii ! 

mmWM 

«>■ 

■BRIE 

\  1 

Hi 


HHIISHl 

warn 


m  ■! 

if 


»u:  iisaiHsiHiiii 


■BBSS  I 

Hill 


Hi 


assssassnsiu 

BBliiiiiiiiB 


Ml 

SS 


:: 


I!  UISKIII 

ii  iiiniiii 


SSSB8IK 
I  3BSBS8  » 
IHiiiJ 
I  ISIS! 


i  mill 
III  I 


i 


<SS3SS8Kgi»H5;{»;a8iaHI8iiiiilSSMKlieSSS8gaHIH8tiilHIMa«atH»iHiaSSS8S85BBBBSiri:ig;>»iHII88HHHMKIIIBSlHllll 

jgs8aatK58S{;!ii;;ia8Si;3;ii;;;i;iaBas;ti{SB58a3S8i»8:i!!!i!iiH;;;iii;ii«i8ig8B8iiBiH»a%iHsi:ii;iiaaHiiiniiiiiiasBiKnl 


BSSHilliiiKSii;  :;3IBIS!SH:iiH:S88SHS8SiIBi8B»llli:!»l3iaSISS»KS;:S!:SBS3HIIIIBK2818:«!S  iii!  333IIB  II 


■33B38HHH»ill 

liiiiliiiiiHiillfiiiilliiililiiiiiii 


II B3BB! iilil illli 83 S8ii 88 SB835  BKIIIIIIIIIIISSSIIIIIIIIIIIIBSSBifiKSSSi 


■  ■■■■■■  ■■  Hi  ■■■■■  •■■■■■■llipr  iii  ||  III  |il  ■■*■■■■■■■■■■■■■■■■■■■  ■ 

iiiSM  mtrnumm  umsm  in  »  aiiiiHiBmiiis  » i 


Hi 

!!!« 


IBBBI  II 


■SKiilil  ill) 


. . . 

Irani 


m 


as: 

Bii  ■■ 

sgsss  :i 

■■■■■a  il  8 

SBBbbISIiiiS 


IB 


■SSiKillll 

mm  !i 

BBBIBBI 


I  its  if 

mm 


1 8BB33IH 
1 8IIB8SII 
i  iilil  1 

i  sim 


!  iilil 

Sill 


isas888a:H8:i:s:i:ii88»!:«3h8«iiBaiiii8BB88B88Bs:8ini88ina8a»a:8s.,;:::iE8B8BE:a3as88a8iEa»s:s8siii88»88S8883S88iainiiii| 
l98BBSaS:n3S:S3:S88i88SS«3B8IB88:i8:SBSS::aSSBaSBBSa8:8IIIBa8i:E8:a8aSSS8S88S»IIBBBB:i»BBXB3SSBSa:38E8:8SSIIIB8aSII3S88II8IHnilll| 


iBBK«:»::::i!!!ii 


SBGsasnssiii 

mm\m 

*■■8 


SSSS8SSS 


ii 


SSSI»MB33SB3BIH»  I 

51313  HB338833HII!  I 


Illli  i 

Bill 


iilHiiii 

fiiiSii  S 

iii  i  I 


lass:: 

KSH 

Hi 


ibiiii:ksss:::::i 
■5333331 333333888 
iilSlil  ■■■ 


II!  ii!  II 

HHHHilSiliiil  ill 

III!!  iliiiliil 

III  SI  iilil 


ii: 


I  33831 

■iilil 


rhiieiiiuhiiiiiiihI 


KISillSIlllllll 


SIS 

■DIHSlIii 

MBHI 

MB  i 


4  6  6  7  8  9  tO* 


Frequency  in  megacycles 


Page  34 


Attenuation  in  db/100  ft 


Attenuation  in  db/100  ft 


i 


Graph  1,27  -  Computed  and  measured  attenuation  of  sample  31 
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Graph  1.23  -  Computed  and  measured  attenuation  of  sample  32 


MI 

—  computed 
x  x  measured 


Graph  lf29_-  Computed  and  measured 


attenuation  of  sample  33 


KEY 

- computed 

x  x  measured 


Frequency  in  megacycles 


Page  38 


1.3.4  Discussion  of  attenuation  teat  results  -  Qrapha  1.1  through  1.29  show  the 
measured  attenuation  of  the  samples  la  quite accurately  predicted  by  the  expressions 
given  In  paragraph  1.3.3  on  page  8.  Graphs  1.27,  1.28  and  1.29  indicate  the  braid 
factor  does  not  completely  describe  the  attenuation  characteristics  of  the  braid.  All 
the  graphs  show  a  need  for  evaluation  of  the  contribution  of  the  braid  to  the  attenua¬ 
tion  at  frequencies  above  3  GC.  The  results  show  a  silver  plated  braid  yields  a  much 
lower  high  frequency  attenuation  than  a  bare  copper  braid.  The  following  paragraphs 
discuss  individual  attenuation  test  results  in  more  detail. 

1.3. 4.1  Discussion  of  attenuati on  test  results  on  samples  1.  21  and  30  -  Graph  1.30, 
page  40,  presents  a  comparison  of  tke  measured  attenuation  or  samples  1,  21  and  30. 
Sample  1,  the  regular  RG-2l4/fa  construction,  has  the  highest  attenuation  of  the  three 
and  Increases  above  its  calculated  attenuation  at  frequencies  above  3  GC.  Sample  21, 
manufactured  with  a  smaller  size  silver  plated  braid  strand  than  sample  1,  offers 
approximately  kf>  attenuation  improvement  from  10  MC  to  3  GC.  Above  3  GC  the  improve¬ 
ment  increases  to  4o£  at  10  GC.  This  particular  sample  of  RG-2l4/u  (sample  1),  how¬ 
ever,  measured  slightly  higher  than  the  average  R0-2l4/ur  attenuation  from  3  to  10  GC, 
so  sample  21  probably  does  not  offer  quite  4cjb  improvement  to  the  cable  design  at 
10  GC.  The  measured  attenuation  of  sample  21  closely  follows  its  computed  values. 
Sample  30,  which  is  BG-2l4/j  core  with  a  double  silver  plated  ribbon  braid,  offers 
over  20f>  less  attenuation  than  RG-2l4/u  across  the  entire  test  frequency  fraud  of  10  MC 
to  10  GC.  The  measured  attenuation  of  sample  30  agrees  with  its  calculated  attenuation 
at  low  frequencies  but  is  less  than  calculated  at  higher  frequencies.  A  comparison 
of  the  measured  and  calculated  attenuation  curves  (graphs  1.26,  page  35)  indicates  the 
dissipation  factor  used  in  the  calculations  is  higher  than  actual.  Vote  the  measured 
attenuation  above  500  MC  of  sample  30  and  the  measured  value  of  the  RG-217/G  is  h*ghe*» 
than  calculated.  This  shows  the  ribbon  braid  over  a  .285  inch  dielectric  yields  an 
attenuation  as  good  as  or  better  than  a  standard  braided  .370  inch  dielectric,  a 
savings  of  23$  in  core  diameter.  The  ribbon  braid  also  decreases  the  braid  thickness. 

1*3. 4.2  Discussion  of  attenuation  test  results  on  samples  3  and  22  -  Graph  1.31,  page 
4l,  shows  the  measured  attenuation  of  sample  3,  which  is  regular  RG-218 f\i ,  and  «unpi» 
22,  which  has  a  silver  plated  braid  over  RG-2l8/(J  core.  The  two  samples  have  approx¬ 
imately  the  same  attenuation  from  10  MC  to  3  GC.  At  3  GC  the  attenuation  of  sample  3 
begins  to  increase  rapidly  until,  at  10  MC,  it  is  three  times  the  attenuation  of  sample 
22,  which  has  followed  the  curve  of  its  calculated  values.  This  shows  the  high  fre¬ 
quency  attenuation  of  the  large  (.680  inch  dielectric)  can  be  improved,  even  though  it 
is  large  enough  to  transmit  higher  modes  at  frequencies  above  5.7  GC.  (The  TElo  above 
5.7  GC  and  the  TE0^  above  8.04  GC)  Over  half  the  attenuation  of  sample  22  at  10  GC 
is  caused  by  dielectric  losses. 
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Graph  1.30  -  Measured  attenuation  of  samples  1,  21  and  30  (RG-214/U  size) 
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1.3.4. 3  Discussion  of  attenuation  test  results  on  sample  7  and  8  -  Graph  1.32,  page 
43,  presents  the  measured  attenuation  of  samples  7  and  8  compared  to  the  measured 
attenuation  of  sample  2,  which  Is  regular  RG-217/U.  Sample  7  shows  the  Improved  high 
frequency  attenuation  characteristic  of  a  silver  plated  small  size  braid  wire  over  the 
larger  size  bare  copper  wire.  The  increased  low  frequency  attenuation  of  the  small 
size  wire  is  also  shown.  Sample  8  shows  how  the  high  frequency  attenuation  Is  in¬ 
creased  when  the  silver  plate  is  emitted. 

1.3.4. 4  Discussion  of  attenuation  test  results  on  samples  11  and  12  -  Graph  1.33, 
page  44,  shows  the  increased  attenuation  of  the  braided  center  conductor  construction 
of  samples  11  and  12  over  the  solid  center  conductor  construction  of  sample  7. 

1. 3.4.5  Discussion  of  attenuation  test  results  on  samples  10  and  13  -  Graph  1.34, 
page  45,  shows  the  increased  attenuation  of  sample  10,  caused  by  ihe  19  strand,  stranded 
center  conductor.  It  also  shows  the  attenuation  of  sample  13,  which  has  the  same 
center  conductor  as  RG-217^J  but  a  cellular  polyethylene  dielectric  with  a  smaller 
diameter  than  RG-217/U.  Sample  13  shows  how  a  cellular  polyethylene  dielectric  can 
decrease  the  size  of  the  cable  and  yield  the  Bame  attenuation.  The  size  may  be  kept 
constant  and  the  attenuation  decreased  by  the  same  techniques. 

1.3.4. 6  Discussion  of  attenuation  test  results  on  sample  17  -  Graph  1.35,  page  46, 
shows  the  improved  attenuation  of  the  flat  copper  braid  of  sample  17  compered  to  the 
attenuation  of  sample  7. 

1. 3.4.7  Discussion  of  attenuation  test  results  on  samples  31,  32  and  33  -  Graph  I.36, 
page  47,  shows  the  braid  factor  does  not  completely  describe "the  attenuation  character¬ 
istics  of  samples  31,  32  and  33.  Samples  31  and  32  have  the  same  braid  factor  as 
sample  7  while  sample  33  has  a  smaller  biaid  factor.  Apparently,  other  variables, 
such  as  braid  angle,  must  be  considered  to  accurately  predict  the  attenuation  char¬ 
acteristics  of  a  braid.  The  results,  however,  also  show  the  braid  factor  predicts 

the  braid's  contribution  to  the  attenuation  to  accuracies  compatible  to  manufacturing 
tolerances. 

1.3*4. 8  Discussion  of  attenuation  test  results  on  other  samples  -  The  attenuation  of 
sample  l5  (graph  1.13,  page  22)  is  much  too  high  /or  consideration  in  this  application. 
The  increased  attenuation  is  caused  by  the  high  dissipation  of  the  elastomeric  poly¬ 
ethylene  and  eliminates  the  material  for  use  as  a  coaxial  dielectric,  but  it  could  be 
employed  in  the  manuf  nature  of  an  isolation  cable.  Sample  18,  20  and  23  through  29 
were  manufactured  for  evaluation  of  Jacketing  material  and  their  attenuation  do 
not  contribute  to  the  discussion.  Their  attenuation  had  to  be  measured,  however, 
to  examine  the  contamination  effect  of  the  Jacketing  material. 
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Graph  1.33  -  Measured  attenuation  of  samples  7,  11  and  12  (RG-217/U  siae) 
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Graph  1.34  *  Measured  attenuation  of  samples  7,  10  and  13  (RQ-217/U  size) 
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1.3.5  VSWR  test  results  -  Table  1.3,  page  49,  lists  the  measured 
voltage  standing  wave  ratio  (VSWR)  of  the  samples  at  1.7,  3.0,  5.0, 

8.0  and  10.0  GC. 

1.3.6  Discussion  of  VSWR  test  results  -  The  VSWR  of  the  samples, 
measured  at  the  same  frequency  and  time  the  high  frequency  attenuation 
measurements  were  made,  indicate  the  cable  mismatch  at  these  frequencies. 
These  mismatches  indicate  the  nominal  impedance  of  the  cable,  the 
uniformity  of  the  cable,  and  the  amount  of  the  measured  insertion  Iosb 
that  is  not  caused  by  the  attenuation  of  the  cable. 

1.3.7  Stability  test  results  -  The  stability  test  results  are  presented 
in  table  1.4,  pages  56  and  $1,  and  in  graphs  1.37  through  1.54,  pages 
52-69.  The  stability  is  measured  by  comparing  the  measured  high 
frequency  attenuation  of  the  cable  after  manufacture,  after  heat  aging, 
after  flexing  and  after  cold  bending.  The  contamination  test  of  MIL-C-17C 
consists  of  the  first  two  steps.  The  graphs  are  arranged,  with  two 
cable  stability  test  results  on  each  graph,  in  a  manner  to  aid  the 
discussion  of  the  results. 

I.3.#  Discussion  of  stability  test  results  -  Graph  1.40  shows  the 
stability  of  sample  2,  which  is  ftG-2l7/U  arid  sample  7,  which  is  RG-217/U 
core  with  a  silver  plated  36  gauge  strand  braid.  The  much  improved 
stability  of  sample  7  indicates  a  silver  plated  braid  is  a  more  stable 
construction.  Graph  1.41  shows  the  stability  of  samples  7  and  8,  which 
are  identical  constructions  except  sample  7  has  a  silver  plated  braid 
and  sample  8  has  a  bare  copper  braid.  Graph  1.49  shows  this  is  also  true 
on  other  size  cables  since  sample  3  is  regular  RG-218/U  and  sample  22  is 
a  silver  plated  braid  version  of  RG-218/U.  Graphs  1.51.  1.52  and  1.53 
show  the  difference  between  a  contaminative  type  instability  and  insta¬ 
bility  that  is  caused  by  the  braid  construction.  Samples  24,  26  and  28 
have  polyvinyl  jackets  while  samples  25,  27  and  29  have  noncontaminating 
polyvinyl  jackets.  Heat  aging  of  samples  24,  26  and  28  caused  a  large 
attenuation  increase  regardless  of  the  braid  construction;  silver,  bare 
or  tinned  copper.  Heat  aging  caused  little  attenuation  increase  on 
samples  25  and  29,  which  have  silver  and  tinned  copper  braid  respectively, 
bud  did  cause  some  on  the  bare  copper  construction  of  sample  27.  Sample 
27  failed  the  contamination  test  of  Mil-C-17  because  its  attenuation  at 
3  GC  after  heat  aging  (14  db)  is  more  than  15%  of  its  original  attenuation 
(12  db)  even  though  14  db  is  maximum  at  3  GC.  This  is  common  with  bare 
copper  braided  polyethylene  cores.  The  two  increases  apparently  have 
different  causes.  In  one  case  the  polyvinyl  jacket  affects  the  attenuation 
by  contaminating  the  polyethylene  dielectric  and  increasing  its  dissipation 
factor,  while  the  noncontaminating  jacket  does  not  affect  the  dielectric 
but  the  heat  affects  the  bare  copper  braid,  perhaps  by  corrosion. 
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Table  1.3  VSWR  test  results 


Sample 

No. 


Frequency  in  Gig 

:acycles 

177 

3.0^  - 

5.0 

8.0 

10.0 

1.07 

1.08 

1.15 

1.27 

1.40 

1.06 

1.08 

1.14 

1.26 

1.34 

1.18 

1.15 

1.02 

1.14 

1.18 

1.10 

1.10 

1.19 

1.20 

1.40 

1.12 

1.29 

1.20 

1.24 

1.31 

1.02 

1.06 

1.03 

1.12 

1.27 

1.14 

1.09 

1.18 

1.55 

1.40 

1.06 

1.11 

1.17 

1.30 

1.41 

1.22 

1.22 

1.12 

1.45 

1.55 

1.21 

1.12 

1.09 

1.32 

1.40 

1.37 

1.15 

1.10 

1.45 

1.28 

1.13 

1.16 

1.55 

1.58 

1.53 

1.10 

1.11 

1.29 

1.20 

1.23 

1.02 

1.13 

1.20 

1.50 

1.40 

1.06 

1.02 

1.45 

1.21 

1.23 

1.05 

1.18 

1.38 

1.21 

1.30 

1.08 

1.03 

1.03 

1.17 

1.22 

1.34 

1.52 

1.58 

1.29  • 

1.62 

1.09 

1.11 

1.18 

1.26 

1.54 

1.04 

1.20 

1.28 

1.22 

1.14 

1.07 

1.17 

1.29 

1.10 

1.22 

1.04 

1.09 

1.28 

1.36 

1.21 

1.03 

1.21 

1.08 

1.22 

1.38 

1.00 

1.07 

1.21 

1.37 

1.32 

1.06 

1.15 

1.19 

1.28 

1.27 

1.13 

1.24 

1.39 

1.54 

1.59 
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Table  l,k  -  Stability  Teat  Resulta  (Attenuation  in  db/lOO  ft) 


Sample 

No. 


Conditioning 


Manufacturing 
Heat  Aged 
Flexed 
Cold  Bend 
Manufacturing 
Heat  Aged 
Flexed 
Cold  Bend 


Manufacturing 
Heat  Aged 
Flexed 
Cold  Bend 


Manufacturing 
Heat  Aged 
Flexed 
Cold  Bend 
"Manufacturing 
Heat  Aged 
Flexed 
Cold  Bend 


Manufacturing 
Heat  Aged 
Flexed 
Cold  Bend 
Manufacturing 
Heat  Aged 
Flexed 

Cold  Bend _ 

"Manufacturing 
Heat  Aged 
Flexed 
Cold  Bend 
"Manufacturing 
Heat  Aged 
Flexed 

Cold  Bend  _ 

"Manufacturing 
Heat  Aged 
Flexed 
Cold  Bend 


Manufacturing 
Heat  Aged 
Flexed 
Cold  Bend 
"Manufacturing 
Heat  Aged 
Flexed 
Cold  Bend 


Frequency  in  Oiga cycles 
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15 

Manufacturing 
Beat  Aged 

Flexed 

Cold  Bend 

176.4 
180.0 

169.4 
' . .  183.7 

17 

Manufacturing 
Heat  Aged 

Fleked 

Cold  Bend 

E£1 

Manufacturing 

8.56 

■ 

Beat  Aged 

8.96 

1 

Flexed 

9.16 

HR 

Cold  Bend 

8.46 

E£H 

9.1^ 

I 

Heat  Aged 

8.96 

1 

Flexed 

9.16 

mm 

Cold  Bend 

8.96 

21 

Manufacturing 

10.70 

Heat  Aged 

11.08 

Flexed 

10.40 

Cold  Bend 

II.50 

Manufacturing 

5.36 

■ 

Heat  Aged 

I 

Flexed 

5.23 

■K 

Cold  Bend 

5.28 

Manufacturing 

■ 

Heat  Aged 

1 

Flexed 

■  I 

Cold  Bend 

EJI 

Manufacturing 

I 

Heat  Aged 

.  1 

Flexed 

■1 

Cold  Bend 

25 

Manufacturing 

Heat  Aged 

Flexed 

Cold  Bend 

Manufacturing 

Heat  Aged 

■ 

Flexed 

■ 

Cold  Bend 

27 

Manufacturing 

fMrm-j 

Heat  Aged 

Flexed 

Cold  Bend 

mmBL  1 

2fi 

Manufacturing 

8.96 

Heat  Aged 

16.50 

Flexed 

18.50 

Cold  Bend 

-  -  AT-50 

29 

Manufacturing 

8.96 

Heat  Aged 

9.98 

Flexed 

10.48 

Cold  Bend 

10.38 

50 

Manufacturing 

8.34  ^ 

Heat  Aged 

8.60 

Flexed 
Cold  Bend 


8.80 

8.82 


i 


I 


Graph  1.37  »  Attenuation  stability  test  results  on  samples  1  and  4 
KEY 


_  after  manufacture 

x  -  x  after  heat  aged 
....  after  flex 
x — x  after  cold  bend 


Frequency  in 
gigacycles 
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Frequency  in 
gigacycles 


Attenuation  in  db/100  ft 


Graph  1.38  -  Attenuation  stability  test  results  on  samples  2  and  5. 
KEY 


-  after  manufacture 

x  -  x  after  heat  aged 

-  after  flex 

x — -x  after  cold  bend 


Frequency  in 
gigacycles 
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Frequency  in 
gigacycles 


Attenuation  in  db/100  ft 


I 


Graph  1.39  -  Attenuation  stability  test  results  on  samples  3  and  6. 
KEY 


■  '  -  after  manufacture 
jfr— x  after  heat  aged 

- - -  after  flex 

x - x  after  cold  bend 
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Graph  1.L0  -  Attenuation  stability  test  results  on  samples  2  and  7. 
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Graph  1.L1  -  Attenuation  stability  test  results  on  samples  7  and  8. 
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Graph  1.12  -  Attenuation  stability  teat  results  on  samples  7  and  10 
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graph  1.43  -  Attenuation  stability  test  results  on  samples  11  and  12 
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Graph  1 .LL  -  Attenuation  stability  test  results  on  samples  7  and  13. 
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Graph  1.L5  -Attenuation  etability  test  results  on  samples  7  and  15 . 
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Graph  1.46  -  Attenuation  stability  teat  results  on  samples  17  and  18. 
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Graph  1.U7  -  Attenuation  stability  test  results  on  samples  7  and  20. 
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Graph  1.48  -  Attenuation  stability  test  results  on  samples  1  and  21. 
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Graph  1.49  -  Attenuation  stability  test  results  on  samples  3  and  22. 
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Graph  1.50  -  Attenuation  stability  test  results  on  samples  7  and  23. 
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Graph  1.51  -  Attenuation  stability  test  results  on  samples  24  and  25. 
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Graph  1.52  -  Attenuation  stability  test  results  on  samples  26  and  27. 

KEY 

-  after  manufacture 

x  -  x  after  heat  aged 

-  after  flex 

x — x  after  cold  bend 


Frequency  in 
gigacyclea 


Frequency  in 
gigacycles 


Page  67 


Attenuation  in  db/100  ft. 


Graph  1.51  -  Attenuation  stability  test  results  on  samples  28  and  29. 
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1.3.9  Watertightness  test  results  -  Table  1.5,  this  page,  lists  the  watertight- 
ness  test  results  after  manufacture  and  after  conditioning  on  samples  4,  5  and  6. 

1.3.10  Discussion  of  watertightness  test  results  -  The  watertightness  results 

show  the  for  making  a  cable  with  a  solid  center  conductor  and  a  dia¬ 

meter  of  less  500  mils  over  the  braid  is  acceptable  for  1000  psi  applications 
but  the  technique  to  watertight  stranded  center  conductors  and  the  techniques 
used  on  larger  cables  must  be  improved.  A  stranded  center  conductor  increases 

a  cable's  attenuation  and  really  does  not  make  the  cable  more  flexible  because  of 
the  stiffness  of  the  jacket.  Improving  the  watertightlng  techniques  on  this  type 
construction,  however,  should  be  investigated  because  the  techniques  used  on 
solid  center  conductor  cables  make  the  cables  watertight  at  pressures  greater 
than  2500  psi  but  the  smooth  solid  center  conductor  extrudes  out  of  the  core  on 
short  lengths.  The  stranded  aenter  conductor  might  improve  this  bond  strength. 
Attempts  to  watertight  without  the  tape  over  the  braid  should  be  investigated 
since  cable  could  be  manufactured  with  a  smoother  jacket  if  the  polyethylene  tape 
could  be  eliminated. 


Table  1.5  -  Watertightness  Test  Results 


Sample 

After  Manufacture 

After  Conditioning 

# 

4 

100  psi  for  1  hr,  no  leakage 

200  psi  for  2^  hrs,  no  leakage 

300  psi  for  2  hrs,  no  leakage 

400  psi  for  £  hr,  no  leakage 

500  psi  for  1  hr,  no  leakage 
*500  psi  for  15  hrs,  1  cc 

100  psi  for  1  hr,  no  leakage 
200  psi  for  1  hr,  no  leakage 
300  psi  for  1  hr,  no  leakage 
400  psi  for  40  mins,  20  oe 

5 

100  psi  for  1  hr,  no  leakage 

200  psi  for  1  hr,  no  leakage 

500  pel  for  2  hrs,  no  leakage 

1000  psi  for  2  hrs,  no  leakage 

1000  psi  for  2  hrs,  no  leakage 

100  psi  for  £  hr,  no  leakage 
500  psi  for  2  hrs,  no  leakage 
1000  psi  for  2  hrs,  no  leakage 

6 

♦*100  psi  for  30  mins,  10  cc 

leaked  immediately 

♦pressure  dropped  to  160  psi  during  time,  leakage  occurred  around 
center  conductor. 

♦♦pressure  dropped  to  0  psi  during  time,  leakage  occurred  through 
braid. 


1.3*11  Flammability  test  results  -  Table  1.6,  pages  71  and  72,  lists  the  flam- 
mabllity  test  results. 

1.3.12  Discussion  of  flammability  test  results  -  The  results  show  that  all  the 
Jacketing  materials  burn  or  melt  but  the  polyvinyls  are  self  extinguishing  while 
polyethylene  and  polyurthane  Jackets  are  not  self  extinguishing.  The  results 
also  indicate  the  noncontaminating  polyvinylchloride  is  a  little  harder  to  ignite 
than  the  standard  type  polyvinylchloride  (about  same  to  Ignite  as  polyethylene) 
but  the  standard  type  extinguishes  Itself  sooner. 
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Table  1*6  -  Flammability  Test  Results 


Type  of 


Travel 


Black  smoke 
and  soot 

Black  smoke 
and  soot 


Light  smoke 
and  soot 


Light  smoke 
and  soot 


Light  smoke 
and  soot 


Light  smoke 
and  soot 

Light  smoke 
and  soot 

Light  smoke 
and  soot 


Light  smoke 
and  soot 


Light  smoke 
and  soot 


Light  smoke 
and  soot 


Jacket 

material 


noncontaminating 

polyvinylchloride 


noncontaminating 

polyvinylchloride 


noncontaminating 

polyvinylchloride 


Entire 
length  of 


Entire 
length  of 


Entire 
length  of 


Light  smoke 
and  soot 


Light  smoke 
and  soot 


polyethylene 


polyethylene 


polyethylene 


polyethylene 


polyethylene 


polyethylene 


polyethylene 


polyethylene 


polyethylene 


length  of  |  polyethylene 


Entire 

length  of  I  polyethylene 


Entire 

length  of  polyurthane 


Table  1.6  -  Flammability  Teat  Results  (coot.) 


Time  to 

Time  to 

r— 

Type  of 

1 

Plasm 

Jacket 

8«vle 

ignite 

extinguish 

smoke 

travel 

material 

(min -sec) 

(min-sec) 

!  (inches) 

L 

201 

2H7 

Light  smoke 

j  Entire 

elastomeric 

B 

2:09 

and  soot 

1  length  of 

1 

! 

C 

2:07 

sample 

2lA 

2:01 

Light  smoke 

!  Entire 

B 

2:16 

eeeeesea 

and  soot 

length  at 

polyethylene 

C 

2:03 

_ 

sample 

22k 

H57 

Light  smoke 

Entire 

B 

1:58 

.... 

and  soot 

length  of 

polyethylene 

C 

2:11 

_ sample 

23A 

2:17 

Light  smoke 

Entire 

B 

2:13 

.... 

and  soot 

length  of 

polyethylene 

C 

2:03 

sample 

24A 

1:10 

0:53 

Black  smoke 

2.50 

B 

1:10 

1:11 

and  soot 

2.50 

polyvinylchloride 

C 

1:07 

0:59 

2.25 

25A 

2:06 

1:48 

Black  smoke 

3.00 

nonaontamlnatlng 

B 

2:25 

2:05 

and  soot 

2.25 

polyvinylchloride 

C 

2:10 

1:30 

2.50 

261 

1:06 

0:35 

Black  smoke 

2.00 

B 

1:15 

0:56 

and  soot 

2.50 

polyvinylchloride 

C 

1:12 

1:15 

2.50 

2tA 

2: 06 

1:55 

Black 

2.25 

nonoahtasilhailng 

B 

2:25 

2:05 

and  soot 

3*00 

polyvinylchloride 

C 

2:10 

2:10 

2.50 

2&1 

1:08 

0:51 

Black  smoke 

2.25 

B 

1:23 

0:45 

and  soot 

2.50 

polyvinylchloride 

C 

1:12 

1:01 

2.00 

291 

2:10 

Black  smoke 

2.00 

nonccotaminating 

B 

2:00 

1:50 

and  soot 

2.50 

polyvinylchloride 

c 

_ 2:45  ... 

1:40 

3.00 

301 

2:0k 

1:58 

Black  smoke 

2.25 

noDcoDtaalnating 

; 

2:10 

1:56 

cud  soot 

2.25 

polyvinylchloride 

C 

_ _ 

2:07 

2:01 

2.25 

1*3*13  O^bertaat  re  suite  -  The  results  of  the  dimensional  measurements,  capacitance, 
impedance,  cold  bend,  abrasion  and  corona  test  results  are  listed  in  Table  1.7, 
pages  73  and  74. 

1*3*14  Discussion  of  other  teat  results  -  The  abrasion  results  oust  be  cceipensated 
for  Jacket  vail  thickness  and  braid  construction  but  the  results  show  an  outstanding 
abrasion  resistance  for  polyurthane.  The  abrasion  resistance  test  on  polyethylene 
vas  meaningless  as  the  wax  like  material  filled  the  abrasive  rods  »pd  then  would 
not  wear  because  of  its  low  coefficient  of  friction.  Several  samples  failed  the 
hand  test  but  a  pattern  of  failure  vas  not  established. 
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1.3.15  Pliability  test  results  -  Table  1.8,  this  page,  listathe 
pliability  teat  results 


table  1.8  -  Pliability  teat  results 


Bend  T< 
eraturi 

wnp- 

l  80° 

V 

.  .  Q°J 

BR 

Bi 

_ . 

Sample 

weight 

time 

weight 

time 

weight 

time 

Jacket 

Jacket 

(lbs) 

(sec) 

(lbs) 

(sec) 

(lbs) 

(sec) 

*Mat. 

Dia. 

1 

1 

16 

7 

mamt 

8 

35 

•425 

2 

4 

35 

9 

too  stiff 

.545 

5 

4 

45 

9 

Kill 

too  stiff 

.545 

7 

4 

30 

9 

too  stiff 

.545 

8 

4 

26 

10 

Km, 

too  stiff 

I  ' 

Poly 

.450 

10 

4 

29 

10 

L2 

too  stiff 

Poly 

.545 

11 

4 

35 

9 

63 

too  stiff 

Poly 

.545 

12 

4 

41 

9 

72 

too  stiff 

Poly 

.545 

13 

4 

32 

9 

63 

too  stiff 

Poly 

.475 

15 

4 

34 

10 

42 

too  stiff 

EPoly 

.545 

17 

4 

35 

10 

61 

too  a 

it  iff 

Poly 

.500 

18 

4 

30 

4 

39 

4  1 

57 

Urt 

.545 

20 

4 

28 

10 

47 

too  stiff 

EPoly 

.545 

21 

4 

29 

10 

38 

too  stiff 

Poly 

.405 

22 

15 

40 

36 

78 

too  stiff 

Poly 

.85  0 

23 

4 

58 

8 

86 

10 

77 

Poly 

.545 

24 

4 

35 

9 

70 

too  stiff 

PVC 

.545 

25 

4 

56 

8 

69 

too  stiff 

NCPVC 

.545 

26 

4 

43 

8 

59 

too  stiff 

PVC 

.545 

27 

4 

31 

9 

61 

too  stiff 

NCPVC 

.545 

28 

4 

28 

9 

40 

too  stiff 

PVC 

.545 

29 

4 

18 

9 

29 

too  stiff 

NCPVC 

.545 

30 

4 

31 

9 

31 

too  stiff 

1 

NCPVC 

.425 

*NCPVC  -  noncontaminating  polyvinylchloride 
PV8  -  polyvinylchloride 
Poly  -  polyethylene 
EPoly  -  elastomeric  polyethylene 
Urt  -  polyurethane _  _ 


1.3.16  Dissuasion  ofnliahllltv  test  results  -  The  pliability  test 
results  show  the  pliability  of  a  cable,  at  ths  present  state  of  the  art, 
depends  mostly  upon  the  jacketing  material.  The  results  on  sample  18. 
compared  to  results  on  other  samples,  show  polyurethane  is  more  pliable 
than  any  of  the  other  material  tested.  The  effect  of  solid  vs  stranded 
conductor,  stranded  braid  vs.  ribbon  braid  is  hidden  by  the  stiffness 
of  the  polyethylene  jacket.  The  effect  might  be  noticeable  on  samples 
with  polyurethane  jacket.  The  results  also  show  the  polyurethane 
jacketed  sample  was  not  much  stiffer  at  -40°F  than  it  was  at  80°P. 
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1.4 


CONCLUSIONS 


1*4.1  General  conclusions  -  While  the  results  are  not  completely 
evaluated  it  can  be  concluded  that  with  slight  design  changes  all 
three  cable  types  can  be  manufactured  watertight  at  1000  psi  and 
have  decreased  attenuation,  decreased  size,  more  abrasion  resistance 
and  greater  flexibility. 

1.4.2  Conclusion  from  attenuation  test  results  -  The  attenuation  of 
RG-214/tJ,  RG-2I7/U,  and  RG-218/U  can  be  slightly  decreased  across  the 
frequency  range  of  10  MC  to  10  GC  by  designing  to  a  minimum  braid  factor 
and  can  be  decreased  considerably  by  using  a  flat  ribbon  braid.  .  The 
high  frequency  attenuation  can  be  greatly  improved  by  using  silver 
plated  braid  strands. 


1.4*3  Conclusion  from  watertightness  test  results  -  All  the  cables  can  be 
manufactured  watertight  at  low  psi  if*  ft6-2l4/u  is  redesigned  with  a 
solid  center  conductor.  Since  a  solid  center  conductor  tends  to  extrude 
out  of  the  dielectric  core  at  higher  pressures  it  is  necessary  to 
continue  to  improve  the  watertighting  techniques  on  stranded  center 
conductors  in  the  hope  the  stranded  conductor  will  have  better  bond 
strength  to  the  core  and  produce  watertight  cables  at  even  higher 
pressures. 

1.4.4  Conclusion  from  abrasion  resistance  test  results  -  A  polyurethane 
jacket  has  vastly  better  abrasion  resistance  than  any  of1  the  other 
jacketing  materials  investigated.  The  slse  of  the  cable  can  be 
decreased  by  using  a  thinner  wall  of  polyurethane  and  still  have  greater 
abrasion  resistance  than  cables  manufactured  with  the  usual  wall  thickness 
of  polyethylene  and  polyvinylchloride. 

1.4.5  .CflaslUftlPn.  ICOffl-PilabUltY-iiMt.  regultfl  -  While  polyethylene 
jacketed  cables  are  more  pliable  at  room  temperatures  and  cold  tempera¬ 
tures  than  polyvinylchloride  jacketed  cables,  a  polyurethane  jacket 
yields  a  cable  that  is  much  more  pliable  at  all  temperatures. 

PART  II 

2.1  PROGRAM  FOR  NEXT  INTERVAL 

2.1.1  Phase  I 

2. 1.1.1  Evaluate  test  results  on  study  samples  -  The  test  results 
presented  in  this  report  will  be  completely  evaluated  during  the  first 
portion  of  the  next  reporting  period. 

2.1.2  Phase  II 

2. 1.2.1  Design  of  preliminary  cables  -  All  preliminary  cables  will  be 
designed  and  manufacturing  will  be  started, 

2. 1.2. 2  Improve  watertightness  -  Techniques  will  be  perfected  for 
making  stranded  center  conductors  watertight.  Techniques  will  also  be 
perfected  to  make  RG-214/U  and  RG-218/U  watertight  at  1000  psi.  The 
techniques  will  be  similar  to  those  used  to  make  RG-217/U  watertight  at 
1000  psi.  Advance  cable  designs  similar  to  RG-214/U,  RG-217/U  and  RG-21&/U 
will  be  manufactured  in  an  attempt  to  make  cable  watertight  at  2500  pel. 

2.1.3  Schedule  -  The  schedule  for  this  program  is  given  in  the 
Project  Performance  and  Schedule  Chart  of  page  76. 
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PROGRESS  REPORT  DISTRIBUTION  SCHEDULE 


AGENCY  OR  ACTIVITY 


NO.  COPIES  COPY  NO. 
EACH 


Chief,  Bureau  of  Ships 
Washington  25,  D.  C. 

Attn:  Code  681 A2B 
Attn:  Code  335 
Attn:  Code  525R 

Chief,  Bureau  of  Weapons 
Washington  25,  D.  C. 

Commander.  New  York  Naval  Shipyard  (Material  Lab) 
Brooklyn  1,  New  York 
Attn:  Code  951 

Director,  Naval  Electronics  Laboratory 
San  Diego  52,  California 

Director,  Naval  Research  Laboratory 
Washington  25,  D.  C. 

Commanding  Officer  and  Director 
U.  S.  Navy  Underwater  Sound  Laboratory 
New  London,  Connecticut 
Att:  Code  1316 

Commanding  General 

U.  S.  Army  Signal  Research  and  Development  Labs 
Fort  Monmouth,  New  Jersey 
Attn:  SIGRA/SL-PEE 

Commanding  General 
Frankfort  Arsenal 
Philadelphia,  Pennsylvania 

Commanding  General 
Redstone  Arsenal 
Huntsville,  Alabama 

Commanding  Officer 

Diamond  Fuse  Laboratories 

Connecticut  Ave.,  and  Van  Ness  Street,  N.  W. 

Washington  25,  D.  C. 


1 

1 

1 

1 

1 

1 


1. 


1 


1 


0 

0 

0 


1 

2 

3 

k 

5 

6 

7 

8 


9 
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AGENCY  OR  ACTIVITY 


NO.  COPIES  COPY  NO. 
EACH 


Commanding  General  1  10 

Wright  Air  Development  Center 
Wright-Pattereon  Air  Force  Base,  Ohio 
Attn:  Mr.  Leslie  Brewster 

Commanding  General  1  11 

Rome  Air  Development  Center 
Grlffiss  Air  Force  Base,  New  York 
-  Attn:  Mr.  Gubbins 

Commanding  General  0 

Air  Force  Cambridge  Research  Center 

Air  Research  and  Development  Command 

L.  G.  Hanscom  Field 

Bedford,  Massachusetts 


Electric  Boat  Division  1  12 

General  Dynamics  Corporation 
Groton,  Connecticut 

Advisory  Group  on  Electronic  Division  3  13-15 

346  Broadway 
New  York,  N.  Y. 

Attn:  Mr.  W.  A.  Miller 

Commanding  Officer  1  16 

Mare  Island  Naval  Shipyard 
Vallejo,  California 
Attn:  Code  270 

Commanding  Officer  1  17 

Pearl  Harbor  Naval  Shipyard 
Pearl  Harbor.  Hawaii 
Attn:  Code  270 

Commanding  Officer  1  IS 

Portsmouth  Naval  Shipyard 
Portsmouth,  New  Hampshire 


Attn:  Code  270 
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